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[57] ABSTRACT
A bottom wall of a fuel tank body defines an inwardly

- extending projection which separates at least a lower

segment of an interior of the fuel tank body into a first
fuel chamber and a second fuel chamber. Fuel is
pumped out of the first fuel chamber. A portion of the
fuel pumped out of the first fuel chamber is returned to
the first fuel chamber by way of an ejector pump dis-
posed within the fuel tank body. The ejector pump is
driven by the return fuel. A communication pipe con-
nects the second fuel chamber to the ejector pump. The
ejector pump transports fuel from the second fuel cham-
ber to the first fuel chamber via the communication

pipe.

14 Claims, 2 Drawing Sheets
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1
FUEL TANK ARRANGEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a fuel tank arrangement,
such as an automotive fuel tank arrangement.

2. Description of the Prior Art

Some automotive fuel tanks have bottom surfaces
formed with recesses accommodating other automotive
parts. These fuel tank designs enable compact structures
of automotive vehicle bodies and prevent interferences

between automotive parts.
Japanese Utility Model Publication No. 57-109921

discloses such a fuel tank. A recess in the bottom surface 1°
of the fuel tank forms a projection extending into the
fuel tank. This projection separates a lower segment of
the interior of the fuel tank into a main chamber and an
auxiliary chamber. When the level of fuel in the tank
decreases below the top of the projection, the fuel sepa-
rates into two parts held in the main and auxiliary cham-
bers respectively. A fuel feed line forks into two pipes
extending into the main and auxiliary chambers respec-
tively. A change-over valve disposed at the point of this
fork selectively connects a common segment of the fuel
feed line to the change-over valve cooperate to enable
both the fuel in the main chamber and the fuel in the
auxiliary chamber to be supplied and used fully. The
change-over valve and a system controlling the change-
over valve cause the whole fuel tank design to be com-
plicated and expensive.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide a simple
fuel tank arragement including two fuel chambers.

In accordance with this invention, a bottom wall of a
fuel tank body defines an inwardly extending projection
which separates-at least a lower segment of an interior
of the fuel tank body into a first fuel chamber and a
second fuel chamber. Fuel is pumped out of the first fuel
chamber. A portion of the fuel pumped out of the first
fuel chamber is returned to the first fuel chamber by
way of an ejector pump disposed within the fuel tank
body. The ejector pump is driven by the return fuel. A
communtcation pipe connects the second fuel chamber
to the ejector pump. The ejector pump transports fuel
from the second fuel chamber to the first fuel chamber
via the communication pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of an automotive fuel supply
system including a fuel tank arrangement according to a
first embodiment of this invention.

FIG. 2 1s a diagrammatical section of the fuel tank of
FIG. 1.

FI1G. 3 i1s an enlarged section of the ejector of FIG. 2.

FIG. 4 1s a sectional view of a portion of a fuel tank
arrangement according to a second embodiment of this
invention.

Like and corresponding elements are denoted by the 60
same reference characters throughout the drawings.

DESCRIPTION OF THE FIRST PREFERRED
EMBODIMENT

With reference to FIG. 1, an automotive fuel supply 65
system includes a first fuel feed line 11 which connects
a fuel tank 12 to the inlet of a fuel pump 13. A second
fuel feed iine 14 connects the outlet of the fuel pump 13
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to the inlet of a fuel filter 15 via a damper or silencer 16.
A third fuel feed line 17 connects the outlet of the fuel
filter 15 to a main fuel injection valve or valves 18
which allow fuel to be admitted into an engine air intake
passage or passages 19. A fourth fuel feed line 20 con-
nects the outlet of the fuel filter 15 to an auxiliary fuel
injection valve 21 which allows fuel to be admitted into
the engine air intake passage 19.

The fuel pump 13 draws fuel from the fuel tank 12 via
the fuel feed line 11 and forces it toward the fuel injec-
tion valves 18 and 21 via the fuel feed lines 14, 17, and
20, and via the fuel filter 15. The damper 16 removes
pulsation from fuel flow. When a cold engine is started,
the auxiliary fuel injection valve 21 is activated to sup-
ply additional fuel to the engine.

A pressure regulator 22 has first, second, third, and
fourth ports 23, 24, 25, and 26. The first port 23 is con-
nected to the fuel feed line 17 via a fuel passage 27. The
second port 24 i1s connected to the fuel feed line 20 via
a fuel passage 28. The third port 25 is connected to the
fuel tank 12 via a fuel return line 29. The fourth port 26
is connected to the engine air intake passage 19 via a
pressure introduction passage 30.

A portion of fuel driven by the fuel pump 13 deviates
from the fuel injection valves 18 and 21 and moves into
the pressure regulator 22 via the fuel passages 27 and 28,
passing through the pressure regulator 22 and returning
to the fuel tank 12 via the fuel return line 29. The pres-
sure regulator 22 adjusts the rate of this fuel return in
accordance with the difference between the pressure in
the fuel feed lines 17 and 20 and the pressure in the
engine air intake passage 19 so that the pressure in the
fuel feed lines 17 and relative to the pressure in the
engine air intake passage 19 will be maintained at a
constant value. In other words, the pressure regulator
22 maintains the pressure across the fuel injection valves
18 and 21 at a fixed level.

As shown in FIG. 2, the lower wall of the fuel tank 12
has horizontal portions. Another portion of the lower
wall of the fuel tank 12 extends upwards from the hori-
zontal portions and thus defines a recess 31 in the bot-
tom surfaces of the fuel tank 12 which accommodates
other automotive parts (not shown) . The upwardly-
extending portion of the tank wall also defines a projec-
tion 32 extending into the fuel tank 12. The projection
32 separates a lower segment of the interior of the fuel
tank 12 intoo a main fuel chamber 33 and an auxiliary
fuel chamber 34. The top of the projection determines
the highest fuel level in the main and auxiliary chambers
33 and 34. The main and auxiliary chambers 33 and 34
communicate with one another via an upper segment of
the interior of the fuel tank 12.

The fuel feed line 11 includes a fuel feed pipe 35
extending from the main fuel chamber 33 and through a
side wall of the fuel tank 12. The inlet of the fuel feed
pipe 35 1s located near the floor of the main chamber 33.
A filter 36 surrounds the inlet of the fuel feed pipe 35.
The outlet of the fuel feed pipe 35 leads to the fuel pump
13. The fuel is driven by the fuel pump 13 from the main
chamber 33 into the inlet of the fuel feed pipe 35 via the
filter 36.

The fuel return line 29 includes a fuel return pipe 37
extending into the fuel tank 12 through the top wall of
the fuel tank 12. The inlet or the upstream end of the
fuel return pipe 37 leads from the pressure regulator 22.
The outlet or the downstream end of the fuel return



3
pipe 37 is connected to an ejector 40 residing within the
fuel tank 12.

As shown in Figs. 2 and 3, the ejector 40 includes an
approximately cylindrical body 41, the axis of which
extends vertically. The body 41 has a closed upper end
and an open lower end. The top of the body 41 is higher
than the top of the projection 32. The body 41 extends
into the main chamber 33. The body 41 defines a coaxi-
ally-extending cylindrical ejector chamber 42. The fuel
return pipe 37 extends coaxially into the ejector cham-

ber 42 through the top wall of the body 41. The segment
of the fuel return pipe 37 within the ejector chamber 42

defines a nozzle 43 through which return fuel is injected
into the ejector chamber 42. The nozzle 43 extends
coaxially with the body 41. The body 41 defines a circu-
lar throat or throttled passage 44 coaxially extending
from the lower end of the ejector chamber 42. The body
41 also defines a tapered or conical passage 45 coaxially
extending from the lower end of the throttled passage
44 and terminating at a circular opening 46 located in
the bottom of the body 41. In this way, the ejector
chamber 42, the throttled passage 44, and the tapered

passage 45 align axially and extend vertically down-

ward in that order. The bottom opening 46 forms an
outlet of the ejector 40 which resides in the main cham-
ber 33. The diameter of the tapered passage 45 increaes
in the direction from the throttled passage 44 to the
opening 46. The throttled passage 44 and the tapered
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passage 45 form a diffuser extending from the ejector

chamber 42 to the ejector outlet opening 46.

A communication pipe 47 disposed within the fuel
tank 12 connects the auxiliary chamber 34 to the ejector
40. An end of the communication pipe 47 is located near
the floor of the auxiliary chamber 34. The other end of
the communication pipe 47 is connected to the ejector
chamber 42. The end of communication pipe 47 con-
nected to the ejector chamber 42 is radially outward of
the nozzle 43.

The body 41 has a radial orifice 48 extending from the
tapered passage 45 and opening onto the outer surface
of the body 41. The orifice 48 extends along a horizontal
line having essentially the same height as the top of the
projection 32, that is, as the highest fuel level in the
main chamber 33.

A portion of fuel driven by the fuel pump 13 returns
to the fuel tank 12 via the pressure regulator 22 and the
fuel return line 29. The return fuel pressurized by the
fuel pump 13 is injected via the nozzle 43 into the ejec-
tor chamber 42 toward the throttled passage 44 and the
tapered passage 45. The injection of the return fuel
causes a vacuum around the nozzle 43 which draws fuel
from the auxiliary chamber 34 into the ejector chamber
42 via the communication pipe 47. The injected fuel and
the drawn fuel move from the ejector chamber 42 into
the throttled passage 44, passing through the throttled
passage 44 and moving into the tapered passage 45.
After the injected fuel and the drawn fuel pass through
the tapered passage 45, they enter the main chamber 33
via the ejector outlet opening 46. In this way, the in-
jected fuel and the drawn fuel move from the ejector
chamber 42 into the diffuser, passing through the dif-
fuser and then entering the main chamber 33. When the
fuel passes through the throttled passage 44 of the dif-
fuser, the speed of the fuel flow increases.

The ejector 40 serves as a pump driven by the pres-
surized return fuel and forcing the fuel from the auxil-
iary chamber 34 to the main chamber 33. The character-
istics of the ejector pump depend on the design of the
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diffuser. The diffuser is designed so as to provide the
ejector pump with characteristics appropriate to trans-
port the fuel from the auxiliary chamber 34 to the main
chamber 33. Since the ejector 40 {ransports the fuel
from the auxiliary chamber 34 to the main chamber 33
and then the fuel is drawn into the fuel feed pipe 35, the
fuel in the auxiliary chamber 34 can be used fully as the
fuel in the main chamber 33.

In cases where the fuel level in the auxiliary chamber
34 1s higher than the fuel level in the main chamber 33,
when the fuel pump 13 is suspended, siphonage contin-
ues the transportation of the fuel from the auxiliary
chamber 34 to the main chamber 33. It should be noted
that the siphonage is ensured, since the ejector chamber
42 and the communication pipe 47 are fully filled with
the fuel at the moment of the initiation of the suspension
of the fuel pump 13.

In cases where the fuel level in the auxiliary chamber
34 1s lower than the fuel level in the main chamber 33,
when the fuel pump 13 is suspended, the. orifice 48 pre-
vents siphonage so that the fuel does not move from the
main chamber 33 to the auxiliary chamber 34.

DESCRIPTION OF THE SECOND PREFERRED
EMBODIMENT

FIG. 4 shows a second embodiment of this invention
which is similar to the embodiment of FIGS. 1-3 except
for the following design changes.

In the embodiment of FIG. 4, a vessel 50 disposed in
the auxiliary chamber 34 is secured to the floor of the
auxiliary chamber 34. A lower portion of the side wall
of the vessel 50 has an opening 51 via which fuel can
enter the vessel 50 from the auxiliary chamber 34. The
communication pipe 47 extends into the vessel 50. The
upstream open end or the inlet of the communication
pipe 47 is located near the floor of the vessel 50.

In cases where the amount of the fuel remaining in
the fuel tank 12 is small, when the fuel level in the auxil-
iary chamber 34 inclines as shown by the broken lines. A
and B of FIG. 4 due to a quick turn of the associated
automotive vehicle, the vessel 50 usuaily holds a consid-
erable amount of the fuel and Keeps the fuel level
higher than the inlet of the communication pipe 47 so

that the fuel remain drawn into the communication pipe
47.

" DESCRIPTION OF THE OTHER PREFERRED

EMBODIMENTS

In a first modification to the embodiment of FIGS.
1--3 or to the embodiment of FIG. 4, the fuel pump 13 is
disposed within the fuel tank 12. In this case, the inlet of
the fuel pump 13 is located near the floor of the main
chamber 33, and the outlet of the fuel pump 13 is con-
nected to the damper 16 via a fuel line extending
through a wall of the fuel tank 12.

In a second modification to the embodiment of FIGS.
1-3 or to the embodiment of FI1G. 4, the whole ejector
40 is located above the main chamber 33. In this case,
the outlet opening 46 of the ejector 40 resides in a point
above the main chamber 33. This positional arrange-
ment of the ejector 40 prevents siphonage causing a fuel
flow from the main chamber 33 to the auxiliary cham-
ber 34. Accordingly, the orifice 48 is omitted from this
modification.

What is claimed is:

1. A fuel tank arrangement comprising:

(a) a tank body having a bottom wall defining an

inwardly extending projection which separates at
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least a lower segment of an interior of the tank
body into a first fuel chamber and a second fuel
chamber:; -

" (b) a fuel feed pipe having an inlet located in the first

fuel chamber;

(c) an ejector body defining an ejector chamber, a
throttled passage, a tapered passage, and an ejector
outlet opening, the ejecter chamber leading to the
tapered passage via the throttled passage, the ta-
pered passage terminating at the ejector outlet
opening, the ejector outlet opening being located 1n
the first fuel chamber and being faced towards a
bottom wall of the first chamber so that the fuel
movement from the second chamber to the first
chamber due to a siphonage, is started by a genera-
tion of a negative pressure in the ejector chamber
due to the ejection of returned fuel from a fuel
return line linked with a fuel pump at an ejector
nozzle disposed in the ejector chamber and by
gravitational free fall of fuel via the fuel return line
into the first chamber; and |

(d) a communication pipe connecting the second fuel
chamber to the ejector chamber so that the move-
ment of the fuel from the second chamber to the
first chamber is carried out

2. The fuel tank arrangement of claim 1, wherein the
inlet of the fuel feed pipe is located near a floor of the
first fuel chamber.

3. The fuel tank arrangement of claim 1, wherein an
end of the communication pipe is located near a floor of
the second fuel chamber. .

- 4. The fuel tank arrangement of claim 1, wherein the
ejector chamber, the throttled passage, and the tapered
passage are coaxial with each other and extend verti-
cally downward with respect to the tank body.

5. The fuel tank arrangement of claim 1, wherein an
end of the communication pipe connected to the ejector
chamber is radially outward of the ejector nozzle.

6. The fuel tank arrangement of claim 1, wherein a
lower end of the ejector outlet opening is soaked 1n the
fuel in the first fuel chamber and which further com-
prises means disposed at ejector body for preventing a
reverse flow of fuel from the first fuel chamber to sec-
ond fuel chamber.

7. The fuel tank arrangement of claim 6, wherein the
reverse flow preventing means comprises an orifice
adjacent to the tapered passage and opening onto an
outer surface of the ejector body, the orifice being posi-
tioned at an upper portion of the tapered passage which
corresponds to a position in the tank body in the vicinity
of a maximum level of fuel in the first fuel chamber.
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8. The fuel tank arrangement of claim 6, wherein the
reverse flow preventing means functions when the fuel
pump stops the fuel feed via the fuel feed pipe.

9. The fuel tank arrangement of claim 1, further com-
prising a vessel disposed in a bottom of the second fuel
chamber and having a side opening which allows fuel to
enter the vessel from the second fuel chamber, the com-
munication pipe extending into an open top of the vessel
and having an end located near a floor of the vessel.

10. The fuel tank arrangement of claim 1, wherein the
ejector chamber of the ejector body is placed above a
surface of the inwardly extending projection separating
the first and second chambers.

11. The fuel tank arrangement of claim 1, wherein a
lower end of the ejector outlet opening is spaced apart
from a level of the fuel in the first fuel chamber so that
the siphonage causing the fuel flow from the first fuel
chamber to the second fuel chamber 1s prevented.

12. An arrangement comprising:

(a) a fuel tank having a bottom wall defining an in-
wardly extending projection which separates at
least a lower segment of an interior of the fuel tank
into a first fuel chamber and a second fuel chamber;

(b) means for pumping fuel out of the first fuel cham-
ber;

(c) ejector pump located in a region within the fuel
tank outside the second fuel chamber;

(d) means for returning a portion of the fuel, pumped
out of the first fuel chamber by the pumping means,
to the first fuel chamber by way of the ejector
pump and thus allowing the return fuel to drive the
gjector pump; and

(e) means for enabling the ejector pump to transport
fuel from the second fuel chamber, to the first fuel
chamber, the enabling means comprising a commu-

~ nication pipe connecting the second fuel chamber
to the ejector pump so that a siphonage action 1is
produced in response to said fuel passing through
said ejector pump when the fuel is supplied to the
ejector pump via the means returning a portion of
the fuel.

13. The arrangement of claim 12, further comprising
means for preventing siphonage causing a fuel flow
from the first fuel chamber to the second fuel chamber,
said preventing means being adjacent a tapered passage
in said ejector pump.

14. The arrangement of claim 12, further comprising
a vessel disposed in a bottom of the second fuel chamber
and having a side opening which allows fuel to enter the
vessel from the second fuel chamber, the communica-
tion pipe extending into an open top of the vessel and

having an end located near a floor of the vessel.
x %X X X *
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